Cotton is a major cash crop of global significance. It has a peculiar and inherent growth pattern with coinciding physiological growth stages. This study is based upon modelling and simulation for Hisar region. Stage-wise water stress has been quantified for three Bt-cotton cultivars with three sowing dates under both irrigated and non-irrigated (rainfed) conditions to assess the most sensitive stage. As per model output, it was observed that, at some stages stress value during excess years remains below 0.3 which is characterized as mild stress, in contrast with drought years where it is above 0.3, impacting potential crop productivity. Thus, rainfall impacts the productivity of cotton even in irrigated semi-arid region. Irrigation measures practiced, could partially alleviate influence of stress. Also, early sowing is found beneficial. The most water-sensitive period is ball formation and maturity stage followed by flowering stage.
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AGAINST the backdrop of reduced cotton production in recent years, there is an urge to study and mitigate the associated stresses. Cotton is a crop with an uncertain or ambiguous growth habit and has a dynamic growth response towards the environment and management practices. Site-specific management strategies considering the soil, weather, etc. need to be considered to optimize yield. Due to stress-dependent crop failure, farmers choose whether or not to cultivate cotton in field and how to achieve potential production. The cultivators are also baffled about its cost effectiveness. In India, cotton is grown in both irrigated and rainfed conditions.
Various studies are conducted on plant response to multiple environmental factors. For optimum growth, plants require a balance of all resources like water, energy, mineral nutrients, etc. where the balance varies with genetic make-up 1 . The nutritional hypothesis in combination with hormonal influences growth patterns during the cotton ontogeny, with a negative correlation between vegetative and reproductive growth 2 . Such growth could continue indefinitely under favourable conditions. However, due to demand on resource supply by reproductive organs of cotton, the vegetative growth ceases at the time called 'cut-out' 3 . Water, being the major component, constitutes about 70-90% of plant fresh mass. Plant development and physiological processes are highly dependent on its availability and quality. The crucial role of water in plant physiology, viz. nutrient transportation, transpiration and chemical as well as enzymatic reactions suggests that water-stress can cause changes in the anatomy and morphology and alter the physio-biological processes 4 . Plant water stress is the condition under which water potential and turgor are reduced to the extent that leads to inhibition of normal plant function. The genotype, growth stage at which stress is introduced, as well as the magnitude and duration of stress defines the effects of water-stress 5 . Water stress has an adverse effect on plant development and yield. According to studies, it leads to a reduc- tion in cell and leaf expansion, stem elongation, and changes in leaf area index. Moisture deficiency is one of the major abiotic factors limiting plant growth and crop productivity 5 . Reduction in leaf area expansion and stunted growth is observed in cotton owing to moisture deficit stress 6 . Seasonal variation is an important factor influencing the yield of different varieties of cotton 7 . Optimum time for sowing cotton to maximize yield is 5-20 May 7, 8 . In Bahawalnagar (Punjab), sowing on 16 May gave the highest yield per hectare. Yield and its attributes in cotton plants are significantly higher in early sown 9 crop than in late sown crop conditions 9, 10 . Based on two years' mean early sowing of cotton on 15 May produced higher yield over other two dates 30 May and 15 June of sowing in Rajasthan 11 . Cotton leaf curl virus (CLCuV) limits the vegetative growth and productivity of cotton since it is one of the most destructive diseases. Yet no cotton genotype resistant to CLCuV is reported. So the only option left to minimize loss is management strategies like early sowing 10 . Since the last decade extensive crop simulations along with field experiments were done in agricultural research. Several mechanistic simulations on the development and yield of cotton, spanning from sowing to maturity, in response to non-specific site environment were carried out. Model simulates growth, development and yield of cotton in correspondence to various factors like weather and soil conditions as well as management practices. It reduces the time, cost and human resources required for analysing the complexities and provides an alternative decision. This also helps determine if modifications are needed to improve yield 12, 13 . Understanding the nature of irrigation response requires elaborate knowledge of cotton phenology and its response to varying types of moisture deficit stresses. This was antecedently done through various agronomic field experiments, but since the introduction of modelling, this mode of research is also utilized. The objective of this study is to quantify water stress at different growth stages of cotton crop and analysis crop sensitivity for water deficit stress using modelling efforts. The study a western most growing regio Decision Su DSSAT) Cro blage of vario crop 13, 14 conditions on the yield. In drought years, yield is comparatively less than excess years for both irrigated and nonirrigated conditions. Cotton crop is unique and has innate growth patterns, which makes it challenging to understand and demarcate the physiological stages. However, it has somewhat predictable pattern of its physiological stages with complexities and overlapping of stages. In this study it was observed that during excess years, stress values remained below mild levels and during drought years, stress values remained high thus affecting crop productivity. This shows that changing climate and erratic rainfall could affect the productivity of cotton. In the sensitivity analysis, it was observed that moisture stress varied greatly for drought years in comparison to excess years. Modelling studies show that this also varies with phenological stages and sowing dates. As per the simulated output, moisture deficit stress is more prominent due to rainfall departure rather than the variety of cotton crop. For all varieties is the third stage, i.e. the ball formation stage the most sensitive stage followed by the fourth stage, i.e. ball maturity stage. Water stress has detrimental effect both on vegetative phase and ball growth. Under the overlying debate of most water-sensitive period different cultivars have different outcomes.
Significant alleviation of stress can be observed in irrigated conditions in comparison to non-irrigated conditions for drought year. Yet in irrigated area rainfall plays an important role for yield appreciation or reduction. The characteristics of moisture deficit conditions, which develop in irrigated crop, are usually quite different from those of the non-irrigated crop. Crops have to be supported with irrigation to alleviate the negative influence of moisture deficit stress, which impacts its productivity. Also, cotton grown in May has higher yield than June inferring that the second fortnight of May is the best planting period under the prevalent conditions.
